During 2007, the gold price was declining due to effect from Global Financial Crisis. After this period, gold price suffered significant drop due to low inflation among countries.Hedging is a tool to mitigate risk and uncertainty in gold prices. This research analyzed the relationship between gold spot and futures prices in the Asian markets (Singapore, Thailand, Indonesia, Malaysia, Tokyo, Korea, Shanghai and Hong Kong) and London market. This study also investigated the ability of gold futures as a hedging tool to gold spot during financial market stress. The investigation employed multivariate GARCH and OLS models for optimal hedge ratio estimation of gold futures. Sample data consists of daily gold spot and futures prices denoted in US dollars per troy ounces. There are four sub-periods (Period I, Period II, Period III and Period IV) considered which covers from 2nd February 2009 until 31st October 2014 of 1500 observations. Using Diagonal BEKK model, it can be suggested that one dollar long (buy)in gold spot should be shorted (sold) by about 78.26 cents of Thailand gold futures during the crisis period and Thailand futures market of 74.85 cents for the post crisis period. It can be argued that hedging effectiveness is higher during global financial crisis as compared to post global financial crisis. It is observed that Diagonal BEKK outperformed minimum variance, CCC and DCC models.
INTRODUCTION
Gold mining activities have contributed significantly to the international markets over the past four decades. Currently, there are 90 countries involved in the mining of gold with the total production of 2,700 tons of gold (2012 estimates) and China is the leader in the gold production for the past seven years. The theory and practice of hedging are more developed in recent years due to the increasing role of derivative markets. Mining companies utilize these hedging tools to overcome the risk and uncertainty due to price fluctuations. It is also found that the price of gold is affected by movements in oil price and inflation.
Early research employed constant hedging model which is estimated using Ordinary Least Squares (OLS) method. Nevertheless, constant models are criticized due to constant variance and covariance between spot and futures returns over time. Despite, recent studies [11] have found that OLS approach is the best model in estimating optimal hedge ratio. However, if the distributions of spot and futures prices are changing through time, then a constant hedge ratio may not be appropriate [10] . In order to estimate hedging portfolios which change through time, [10] used a multivariate GARCH model to account for the changing distributions in asset prices.
The objectives of this study are to analyze the relationship between gold spot and futures prices in the Asian markets and London market, to examine the ability of gold futures as a hedging tool to gold spot for Asian markets and to calculate and evaluate the hedging effectiveness of gold futures as a hedging tool to gold spot. Considerably, this study would help in understanding the relationship of gold spot and futures prices. Besides, this study will facilitate mining companies and other investors to develop better hedging strategies based on hedging performance of different gold markets. [12] Interested in the relationship of gold price and other economic variables such as crude oil price and inflation. The relationship between gold prices and oil prices for the last forty years is high with correlation of 85 percent. On the other hand, the relationship between gold prices and inflation is low and negative with a correlation coefficient of -9 percent.
LITERATURE REVIEW
[1] Examined the role of gold as a safe haven in the global financial system. Using 30 year period data (from 1979 to 2009), [1] found that gold can be used as a hedge and a safe haven for major European stock markets. In addition, the study proved that gold was not affected by high price movements in other assets and thus gold can act as stabilizing tool in diversification strategy. Hence, study on gold market is very useful for traders and market players to eliminate risk exposure of stocks and commodities prices fluctuations.
Futures market is a liquid market in the world and it is traded on an organized exchange. Futures market has been used by speculators, arbitrageurs, policymakers and producers to minimize risk by anticipating the spot prices in the future. Hedgers use derivative securities to reduce the risk from variations in the spot market. The hedge ratio is defined as the ratio of the size of futures contracts to the size of the total exposure. In other words, the hedge ratio provides information on the amount of futures contract to be held. The hedging effectiveness determines the percentage of variance of unhedged returns that can be reduced through hedging. The purpose of hedging is to combine investments in the spot market and futures market in such a way to reduce the risk of price fluctuations. Optimal hedge ratio is defined by the hedge ratio that minimizes conditional variance and covariance of hedged portfolio and maximizes expected utility.
In the earlier literature, the common assumption is that, the parameter of the hedge ratio is constant and non-dynamic. The other underlying reasons for the hedge ratio to be varied with respect to time might be technological evolution, economic or financial crisis. Also, there may be variations in the behavior and perception of the people, changes in policy and structure of the organization. In the early years, OLS based method has been explored by [6] and [9] . However, it has been proved that a constant hedge ratio may be inappropriate when prices are nonstationary. [5] Suggested that conditional variancecovariance time-varying hedge ratio should be used to incorporate non-stationarity of financial time series. There are now substantial evidences that financial market volatility is both time-varying and highly predictable.
Furthermore, [11] observed hedging effectiveness of futures contract on financial assets and commodities in Indian markets specifically, daily closing prices S&P CNX Nifty index and its futures contract, gold futures contract and soybean futures contract. The study compared the performance of models and estimated dynamic hedge ratios using VAR-Multivariate GARCH and constant hedge ratios using OLS, VAR and VECM. VAR-Multivariate GARCH performed better than other models. Results also showed that futures and spots prices are co-integrated in the long run. Likewise, [10] used multivariate GARCH models for weekly US dollar (USD) per Japanese Yen (JPY) exchange rate was used for spot and futures from May 7, 1980 to August 12, 1987 . Results showed that time-varying hedge ratio outperformed the constant hedge ratio.
METHODOLOGY
This study explores GARCH (Generalized Autoregressive Conditional Heteroscedasticity) models to estimate the optimal time varying hedge ratios in spot and futures gold in the Asian markets. Due to London as a home to international benchmark price for gold, London markets for gold was also considered. 
Hedging Strategy Models
The minimum variance hedge ratio and the futures hedge position that minimizes the conditional variance of the portfolio returns is the optimal hedge ratio. Based on study by [14] where Ωt-1 is the information available from the past. According to the first order condition, minimize Var(Rp,t| Ωt-1) to obtain the optimal hedge ratio:
The futures hedge position that minimizes the conditional variance of the portfolio returns in Equation (2) is the estimated optimal hedge ratio and is given by:
GARCH (1, 1) modelled by [3] is adopted in this study in order to take care for the heteroscedasticity in the model. In this paper, constant conditional correlation (CCC) specification by [3] , dynamic conditional correlation (DCC) by [7] and Baba, Engle, Kraft and Kroner (BEKK) GARCH are considered.
Econometric Modeling
The GARCH (p, q) process is then given by:
where p ≥ 0, q ≥ 0, α0≥0, αi≥0, i = 1, …, q and
For p = 0, the process reduces to ARCH (q) process and for p = q = 0, εt is simply white noise. A stochastic process purely random or white noise if it has zero mean, constant variance and serial uncorrelated error term. In ARCH (q) process, the conditional variance is specified as a linear fuction of past sample variances only, whereas the GARCH (p, q) process allows lagged conditional variances to enter as well [2] . The Constant Conditional Correlation (CCC) GARCH model was introduced by [2] that the conditional correlation is constant while the conditional variances are varying and the estimation is given by: , is equivalent to the constant conditional covariance matrix of the conditional shocks, from Equation (8),
, and
is the conditional covariance matrix. The conditional covariance matrix is positive definite if and only if all the conditional variances are positive and Γ is positive definite. This model assumes the conditional variance for each return, ℎ , = 1, … , , follows a univariate GARCH process and given by:
where represents the ARCH effect, or short run persistence of shocks to return , represents the GARCH effect, and ∑ + ∑ =1
=1
denotes the long run persistence. The number of parameters to be estimated reduces to (
The Dynamic Conditional Correlation model was proposed by [7] . It is a generalized version of the CCC model and it is a nonlinear combination of univariate GARCH models. Consider the gold spot returns and futures returns are estimated in a bivariate model as per below:
Rs, t = μs + λsBt-1 + εs, t and Rs, t = μf + λfBt-1 + εs, t and where μs and μf are intercepts, Bt-1 = Ft-1 -St-1 is the lagged basis, and εs,t and εf,t are error terms. Bt-1 is the long run error correction term. This is due to the possibility of co integration relationship between spot and futures prices and employed in estimating optimal hedge ratios by [4] . The vector residuals form is εt = [εs,tεf,t]'. The conditional distribution of εt is assumed to be bivariate normal with the conditional variancecovariance matrix is given as:
where hs,t = Var(Rs,t| Ωt-1), hf,t = Var(Rf,t| Ωt-1) and ρt are the conditional correlation coefficient between spot and futures returns. Using this specification of the conditional variance-covariance matrix, the optimal hedge ratio becomes
With respect to DCC GARCH model [7] and CCC GARCH model [3] , the conditional variance equations are written as:
Therefore, DCC specification, the conditional correlation coefficient is modeled as:
where ̅ is the unconditional correlation between εs,t and εf,t, and:
for m≥ 2, where ηs,t-j = BEKK is a dynamic conditional model that has positive definite on the conditional covariance matrices. Defining N × N matrices, Aj and Bi and an upper triangular matrix C0, the BEKK model for multivariate GARCH (1, 1) is as follows:
The decomposition of the constant term into a product of two triangular matrices is to ensure the positive definiteness of variance covariance matrix, Ht. Diag -BEKK (p, q) involved the highly simplified version of Equation (17) when both A and B are assumed to be diagonal matrices [3] .
Hedging Effectiveness
Hedging performance metric is as per below:
where 2 is the variance of the unhedged gold spot returns. This measures the variance reduction achieved by using the futures contract relative the original unhedged gold spot variance. 
RESULT AND DISCUSSION

Data Statistics
As for Period III (Hong Kong, Tokyo, London, Shanghai, Thailand, Korea, Singapore and spot markets), standard deviation is from 0.0113 percent to 0.0124 percent (low volatility). Hong Kong, Tokyo, London, Shanghai, Thailand, Korea, Singapore and spot markets have negative skewness and the kurtosis returns of gold prices are highly peaked (more than 3). For Period IV (Hong Kong, Tokyo, London, Shanghai, Thailand, Korea, Singapore, Bursa Malaysia, Indonesia and spot markets), standard deviation is from 0.0070 percent to 0.0081 percent (low volatility). Hong Kong, Tokyo, London, Shanghai, Thailand, Korea, Singapore, Bursa Malaysia, Indonesia and spot markets have negative skewness and the kurtosis returns of gold prices are highly peaked (more than 3). Based on JarqueBera, all markets returns are not normally distributed for all periods except for Tokyo in Period I. Table 2 presents the estimation results of CCC GARCH. GARCH estimates of conditional variance are significant and positive. However, the ARCH estimates and some of the parameters of conditional variance are not significant. The ARCH effect estimates (α) are generally small (less than 0.1). However, the GARCH effect estimates (β) are generally high. The GARCH effect (degree of long run persistence) varies across countries. Period I shows that Gold spot (β = 0.932907) is more sensitive to the news and Shanghai gold (β = 0.694148) is less sensitive to the news. Period II shows that Thailand gold (β = 0.911250) is less sensitive to the news and Shanghai gold (β = 0.964425) is more sensitive to the news. Period III shows that Gold spot (β = 0.924055) is more sensitive to the news and Singapore gold (β = 0.808123) is less sensitive to the news.
CCC GARCH Results
The CCC estimates between the volatility of gold spot and futures returns for all markets are average, ranging from 0.264866 to 0.880770. The volatility persistence is the sum of α and β. All periods observed that both gold spot and futures market are highly volatile, ranging from 0.748260 to 0.994530. This indicates that gold spot and futures markets in Asian region have long memory process [8] .In conclusion, Shanghai(with + = 0.748260 for Period I), Thailand(with + = 0.9945 for Period II) and
Singapore(with + = 0.88764 for Period III)markets have the least sensitive to the news. Besides, London market is sensitive to the news during the period of global financial crisis (variance=0.729) and less sensitive to the news after the period of global financial crisis (variance=0.7076). Table 3 presents the estimation results of DCC GARCH. In Period I, φ1 (short run persistence of shocks) is significant for London, Hong Kong, Shanghai and Thailand futures (φ1 = 0.187326, φ1 = 0.000000, φ1 = 0.161436 and φ1 = 0.117611 respectively). While φ2 (long run persistence of shocks) is significant for London, Thailand and Tokyo futures (φ2 = 0.774420, φ2 = 0.793815 and φ2 = 0.852910 respectively). In Period II, φ1 is significant for London, Hong Kong, Thailand and Tokyo futures and φ2 is significant for London, Hong Kong and Thailand whereas, in Period III, φ1 is significant for London, Hong Kong, Shanghai, Thailand, Korea and Singapore markets and φ2 is significant for Shanghai, Korea and Singapore markets only. Period IV is not applicable for CCC and DCC GARCH due to absence of ARCH effect in the time series data. It can be argued that during the global financial crisis (Period I) and immediate post global financial crisis (Period II), London futures market has significant φ1 and φ2. Thus, it can be concluded that, London futures market has short run and long run persistence of shocks. Similarly,after the global financial crisis (Period III) Shanghai, Korea and Singapore futures markets have significant φ1 and φ2indicating that these futures markets have short run and long run persistence of shocks.
DCCC GARCH Results
Diagonal BEKK GARCH Results
The coefficient of ARCH and GARCH are positive definite for Diagonal BEKK GARCH. Diagonal BEKK GARCH ensures conditional variances to be positive that guarantees the resulting conditional covariance matrices to be positive definite. Thus, Diagonal BEKK GARCH is applicable to Period IV. Table 5 shows that there are short run and long run persistence of shocks for London spot and futures markets for Period I, London spot, London futures, Hong Kong and Thailand markets for Period II, London spot, Hong Kong, Thailand, Tokyo and Korea markets for Period III and Tokyo market for Period IV. It can be argued that London spot and futures markets have short run and long run persistence of shocks during crisis (Period I) and immediate post crisis (Period II). However, Hong Kong and Thailand markets have short run and long run persistence of shocks after crisis (Period II and III). Whereas, Tokyo market has short run and long run persistence of shocks in later period of post crisis (Period IV). 
Hedge Ratio and Hedging Effectiveness
The hedging performance from OLS model (minimum variance ratio) and GARCH models (CCC, DCC and Diagonal BEKK) are compared to unhedge portfolio in 
